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interstitial fluid of the renal pyramids. They propose that a solute pump located in the ascending limb transports solute from the urine to the interstitial fluid. It then diffuses from the interstitial fluid to the descending limb. As the urine flows down the descending limb, it becomes more concentrated, while as it moves up the ascending limb, it becomes more dilute. Such a countercurrent multiplier system will establish an osmotic gradient along the length of the pyramids, the base of the pyramid having an osmotic pressure lower than that which exists in the apex. Intermediate areas will have osmotic pressures intermediate between the two extremes. In this scheme, ADH controls the pore size in the collecting ducts; the more ADH present, the larger the pore. Thus, in the presence of ADH, this osmotic gradient will draw water out of the collecting ducts and so concentrate the urine. Thus, the maximum concentration of the urine must depend in part upon the maximum osmotic concentration existing in the interstitial fluid of the apical portion of the pyramids. Kessler et al. (4) have shown that, during stop flow, the kidneys are unable to alter appreciably the total osmotic concentration of the urine. These authors state that the data are disappointing and suggest that, for some unknown reason, the stop flow method fails when one uses it in an attempt to study the renal concentrating mechanism.
However, these data are interpreted by us to be precisely the results expected if one considers the renal concentrating mechanism to be dependent upon a countercurrent multiplier system which is influenced by osmotic diuresis.
Perhaps the best way to show this is first to consider what might be expected if there existed a 'water pump' in some distal area which is responsible for concentrating urine. During severe osmotic diuresis such as exists in stop flow experiments, the load of water presented to this pump would be far in excess of its Tm. Thus, the urine formed would be relatively dilute. However, during stop flow, when extra time would be allowed for water reabsorption, one would expect the urine lying within the area of the 'water pump' to become more and more concentrated.
This does not occur, and =78 so suggests strongly that this type of concentrating mechanism plays no role in renal function.
Consider, however, the countercurrent multiplier system. The establishment of a concentration gradient along the renal pyramid must depend upon at least two factors, the first being the rate of transport of solute from ascending limb to descending. Presumably, the more efficient this transport, the greater may be the solute gradient between the base and tip of the pyramids. The second factor must be the rate of flow of urine through the loops. It is obvious that at infinitely high flow rates, no concentration gradient can be developed. The same holds true for cessation of flow. If flow through the loops is stopped, a concentration gradient may be maintained between the ascending and descending limbs, but not along the pyramid from base to apex, Between these two extremes, there must exist some optimal flowrate for any given rate of solute transport which will establish the maximum countercurrent gradient. Such considerations led us to propose the hypothesis that, during severe osmotic diuresis, the flow-rate through the loops is of such a magnitude that the countercurrent gradient is 'washed out.' If such is truly the case, then during stop flow, no amount of time will change urine concentration significantly, as the free-flow urine concentration will have almost reached the concentration maintained in the pyramid by the countercurrent system, this latter being near isotonicity.
Accordingly, experiments were designed to test this hypothesis. This study was designed to determine if any relationship existed between the urinary flow-rate through the loops of Henle and the maximum concentration gradient established by the countercurrent multi.plier system. Stop flow experiments were done in which urinary osmotic pressures were determined.
Also, Na concentrations in aliquots of tissue removed from the renal pyra- They were anesthetized with 30 mg/kg of sodium pentobarbital.
Stop flow experiments were done as described previously (6). Osmotic pressure of whole urine samples was determined, using the Fiske osmometer.
Essus analysis. The kidney and ureter of one side were exposed through a flank incision. A urine sample was collected from the ureter, After collecting sufficient urine for analysis, the renal pedicle was clamped with a hemostat and the kidney removed.
It was then quickly sectioned with a sharp knife along the long axis. With a razor blade, two so-6o-mg aliquots of tissue were removed from the basal, middle and apical portions of the pyramids.
Isolation of these six tissue samples required 134-2x minutes from the time of removal of the whole kidney.
The tissue was then transferred to weighed I o-ml volumetric flasks. After removal of the control kidney, a 20 % mannitol solution in Ringer's was infused intravenously at the rate of IO ml/min.
The infusion was continued for 25-40 minutes until a severe diuresis was established.
A urine sample was then taken and the remaining kidney removed and sectioned.
The wet weight of the tissue aliquots was determined.
In some experiments, the flask was then placed in a drying oven at 105'C overnight and the dry weight also determined.
To the tissue, 0.1 ml of concentrated nitric acid was added. The flasks were then heated gently for 1-2 hours until the tissue was dissolved.
The excess nitric acid was partially neutralized by the addition of 0.2 ml of formic acid. The digestion mixture was then made up to volume with distilled water and Na and K concentrations were determined, using a Beckman direct reading flame photometer. Although the Na and PAH concentration patterns outline the distal and proximal areas of the nephron, the pattern for osmotic pressure shows little change. The osmotic pressure in free-flow control urine was 452 mOs/l.
Samples of urine coming from the far distal areas (collecting ducts?) showed a slight rise in osmotic pressure to 496 mOs/l., and then a decline to cantral levels. The plasma osmotic pressure in this experiment was 425 mOs/l. All experiments showed this pattern;
Le. a very small but significant rise of osmotic pressure in a far distal area of about IO % of the total osmotic pressure of urine. These observations confirm those of Kessler et al. (4) .
Sodium concentration along the renal pyramid. trations existed in the tissue removed from the mid-portion of the renal pyramids. This gradient is present, regardless of the urine Na concentration.
The range in these experiments of urine Na was from 20 to 260 mEq/l. After infusion of mannitol, the concentration gradient disappeared.
In fact, if anything, the Na concentration was higher in the base of the pyramids than in the apex. The explanation for this reversal may lie in differences in vascularity or cell volume along the pyramids. If more blood is contained in the tissue at the base, one would expect higher Na values. Although these data strongly suggest that increased flow through the loops does indeed decrease the countercurrent gradient, there occurred the possibility that the results were biased because they were expressed in terms of milliequivalents per kilogram of wet weight.
If, during osmotic diuresis, the tubules become engorged with extra urine of low Na concentration, this might so dilute out the total Na as to yield low Na concentrations throughout the pyramid. In such a situation, the Na gradient should still be evident if it existed, but be of a lower order of magnitude.
Accordingly, a second series of experiments was done in which both Na and K were measured and expressed in terms of milliequivalents per kilogram of wet weight and milliequivalents per IOO Tables z and 3 show the results of six such experiments. Again, a concentration gradient for Na is seen to exist at levels within the renal pyramid of the control kidney. This gradient is apparent when the Na concentration is expressed in terms of dry weight as well as wet weight. Again the Na concentrations were higher in the apical tissue than in the basal portions, with intermediate values in the mid-portions, After establishment of osmotic diuresis, the gradient disappeared, regardless o6 whether the Na concentrations were expressed in terms of weight weight or dry weight. Only in experiment 14 was there any evidence of a Na gradient after mannitol infusion, but in this experiment, the Na gradient after mannitol is considerably less than that in the control kidney, indicating partial washout. Table  3 shows the K concentrations in those same tissues. Although the K concentrations are more variable than Na, there is no evidence of a concentration gradient along the pyramid.
This observation confirms that of Ullrich and Jarausch (5) . After establishment of osmotic diuresis, the K concentrations again show no gradient. Since the intracellular K mass is large compared to extracellular K mass, it would be difficult to demonstrate the presence of a K gradient which might exist along the pyramid.
However, it does appear that the relative cell mass remains constant throughout the pyramid, as judged by K contents.
DISCUSSION
Evidence has been presented that high rates of urine flow through the loops of Henle may wash out the preexisting countercurrent gradient.
As long as the flow rate is at some high level, the countercurrent gradient is reduced or absent. This demonstrates that osmotic diuresis, which is classically thought of as only a proximal event (7, 8) , must also result from diminished water reabsorption from the collecting ducts. Under l maximal ADH production, the volume of water reabsorbed from the collecting ducts must depend upon the intensity of the countercurrent gradient; the higher the gradient, the more water may be reabsorbed per minute. If the gradi'ent is decreased for any reason, the rate of water movement out of the collecting ducts must also decrease. As osmotic loading increases, so does proximal water retention. The increased flow through the loops will lead to a further decrease in the countercurrent gradient.
As the gradient is decreased to minor proportions, the rate of water movement out of the collecting ducts will be reduced. This, in turn, will add to the diuresis.
As osmotic loading increases, the mass of Na presented to the distal tubule per minute will also increase. At some point, this mass will exceed the distal Tm for Na. As there is no reason to assume any change in the activity of the distal Na pump, the excreted mass of Na will increase as the diuresis becomes more severe. The increased excretion of Na will be a function of increased delivery of urine to the distal tubule. Water excretion, however, will increase more rapidly.
As is the case for Na, any increase in proximal delivery of water to the distal tubule will appear as urine. However, as osmoitc loading creases, increases the set of and flow-rate through the the countercurrent gradient loop will . Aicline. Thus, there will be some extra volume of water which escapes reabsorption from the collecting ducts due to the lower set of the countercurrent gradient. Water excretion then will increase more rapidly than Na excretion.
This will result in declining urinary Na concentrations as diuresis progresses, as Wesson and Anslow have shown (7) . Such results will occur even if the proximal tubule delivers a solution of constant Na concentration to the Thus, one may explain
